Dirac coupled channel analyses are performed using optical potential model for the high-lying excited states that belong to the 2 − gamma vibrational band at the 800 MeV unpolarized proton inelastic scatterings from 20 Ne. The first order vibrational collective models are used to obtain the transition optical potentials to describe the high-lying excited vibrational collective states and Lorentz-covariant scalar and time-like vector potentials are used as direct optical potentials.
I. INTRODUCTION
Relativistic treatment of nuclear reactions based on use of the Dirac equation have proved to be very successful, in particular for the description of elastic and inelastic nucleon-nucleus scatterings [1] [2] [3] [4] [5] [6] . It has been shown that considerable improvements are obtained in the coupled channel calculations for the intermediate energy proton inelastic scatterings from spherically symmetric nuclei and a few deformed nuclei using Dirac phenomenology compared to the conventional nonrelativistic calculations based on Schrödinger equation [4] [5] [6] [7] [8] [9] [10] [11] .
In this work we performed Dirac coupled channel analyses for the high-lying excited states Dirac coupled channel equations are solved using a computer program called ECIS [12] where Dirac optical potential and deformation parameters are determined using sequential iteration method. The channel-coupling effect of multistep process for the excited states of the 2 − gamma vibrational band is investigated. The calculated results are analyzed and compared with the experimental data and those of nonrelativistic approaches.
II. THEORY AND RESULTS
Dirac coupled channel calculations are performed phenomenologically for the high-lying excited states that belong to the 2 − gamma vibrational band at the unpolarized proton inelastic scatterings from 20 Ne using optical potential model and the first order vibrational collective model. Since 20 Ne is one of the spin-0 nuclei, only scalar, time-like vector and tensor optical potentials can survive [13, 14] , hence the relevant Dirac equation for the elastic scattering from the nucleus is given as
Here, U S is a scalar potential, U 0 is a time-like vector potential, U T is a tensor potential, and V c is the Coulomb potential. However, it is true that pseudo-scalar and axial-vector potentials may also be present in the equation when we consider inelastic scattering, depending on the model assumed. In this work, it is assumed that appropriate transition potentials can be obtained by deforming the direct potentials that describe the elastic channel reasonably well [15] . Transition potentials are obtained by assuming that they are proportional to the first-order derivatives of the diagonal potentials. The scalar and the time-like vector potentials are used as direct potentials in the calculation. Even though tensor potentials are always present due to the interaction of the anomalous magnetic moment of the projectile with the charge distribution of the target, they have been found to be always very small compared to scalar or vector potentials [4] . Hence, they are neglected in this calculation. In the vibrational model of ECIS, the deformation of the nuclear surface is written using the Legendre polynomial expansion method,
with R 0 the radius at equilibrium, β is a deformation parameter and λ is the multipolarity.
The transition potentials are given by
where the subscript i refer to the real and imaginary scalar or vector potential and R is the radius parameter of Woods-Saxon shape. The real and imaginary deformation parameter β λ 's are taken to be equal for the given potential type so that two deformation parameters of β S and β V are determined for each excited state. [17] and it is found that surface-peaked phenomena are observed for the real parts of the effective central potentials(CR), as in the case of 24 Mg [11] .
The strength of the real effective central potential of the Dirac approach turned out to be large, giving about -80MeV at the center of the nucleus, compared to that of nonrelativistic Schrödinger approach which was about -3.5MeV. The surface-peaked phenomena are also observed for the real parts(SOR) of spin-orbit potentials, indicating spin-orbit interaction is surface-peaked interaction. However, the peak position of the real effective spin-orbit potential is observed to be slightly different from that of the real effective central potential, located a little more outside of the nucleus. Surface-peaked shape cannot be obtained in the nonrelativistic calculations because they use Woods-Saxon shape for both central and spin-orbit potentials.
Next, by including one excited state, the 2 − state or the 3 − state of the 2 − gamma vibrational band in addition to the ground state, six-parameter searches are performed starting from the obtained 12 parameters of direct optical potentials. Here, the six parameter means the four potential strengths; they are the scalar real and imaginary potential strengths and the vector real and imaginary potential strengths, keeping the potential geometry unchanged, and two deformation parameters, β S and β V , of the included excited state. Here, the four optical potential strengths obtained by fitting to the elastic scattering data are varied since the channel coupling of the excited states to the ground state should be included in the inelastic scattering calculation. Dirac coupled channel equations are solved to obtain the best fitting parameters to the experimental data using minimum χ 2 method numerically.
As a next step, eight-parameter searches are performed by including the 2 − and 3 − excited states in addition to the ground state. Finally, ten-parameter searches are performed by considering all four states, the ground, 2 − , 3 − and 5 − states all together in the calculation and the results are compared with those of the calculation where only the ground and one or two excited states are coupled, in order to investigate the effect of the channel coupling between the excited states.
The results of the coupled channel calculations for the ground state are given in Fig. 1 .
It is shown that most of them reproduce the elastic experimental data pretty well except the case where only 2 − state is coupled. For only the 2 − state coupled case, even the ground state is not well described. It seems due to that the 2 − state is excited only by transitions which involve at least two steps, and not from the ground state directly [18] . It is clearly shown that the agreement with the 2 − differential cross section data is improved significantly by adding the 3 − state. It can be interpreted as that it is essential to include the two-step transition process via the channel coupling with the 3 − state in order to describe the 2 − state excitation [9, 18] . When the coupling with the 5 − state is added in the calculation, it is observed that the third minimum of the diffraction pattern went downward a little. the experimental data comparing to the results of the nonrelativistic calculation [18] . Even for the case where only the 3 − state is coupled, the agreement with the experimental data turned out to be pretty good, indicating the excitation by direct transition from ground state is dominant for this state.
In Fig. 5 , we showed the calculated results for the 5 − state that is the highest lying excited state of the 2 − gamma vibrational band and the agreement with the experimental data turned out to be not so good. This could be explained by the fact that the assignment of the 5 − state to the K π = 2 − band is not certain, as the data can be explained as belonging to a K π = 0 − band [18] and it might be necessary to include the couplings with other 
